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(57) ABSTRACT 

Systems and methods to set a Voltage value associated with a 
communication bus that includes memory controller coupled 
to a memory device are disclosed. A particular method may 
include performing a first calibration operation associated 
with first data written from a memory controller to a memory 
device. A second calibration operation may be associated 
with second data read at the memory controller from the 
memory device. The operating parameter may be set based on 
a result of at least one of the first and the second calibration 
operations at the memory device or the memory controller. 
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TRAINING A MEMORY CONTROLLER AND 
A MEMORY DEVICE USING MULTIPLE 

READ AND WRITE OPERATIONS 

I. FIELD OF THE DISCLOSURE 

0001. The present disclosure relates to training impedance 
values associated with a memory device coupled to a memory 
controller. 

II. BACKGROUND 

0002. In a memory bus, the impedances of a memory 
device and a memory controller can be trained against each 
other. The training may enable the memory bus to detect a 
data eye of a signal. Such as a signal communicated over a link 
coupling the memory device to the memory controller. The 
data eye may include a point on the signal that (when located 
and sampled) may be used to identify an associated bit as 
being either a logical one or a Zero. Training may include 
adjusting an operating parameter of the memory controller or 
the memory device. An illustrative operating parameter may 
include a Voltage level associated with the signal. 
0003 Mismatching impedances of the memory device and 
the memory controller may reduce a width of the data eye, or 
timing margin, and compromise data accuracy. 

III. SUMMARY OF THE DISCLOSURE 

0004. In a particular embodiment, a method to set a volt 
age value associated with a communication bus that includes 
a memory controller coupled to a memory device is disclosed. 
The method may include performing a first calibration opera 
tion associated with first data written from a memory control 
ler to a memory device. A second calibration operation may 
be associated with second data read at the memory controller 
from the memory device. The operating parameter may be set 
based on a result of at least one of the first and the second 
calibration operations at the memory device or the memory 
controller. 
0005. In another embodiment, a method includes perform 
ing a first calibration operation associated with first data read 
at the memory controller from the memory device. A second 
calibration operation may be associated with second data read 
at the memory controller from the memory device. The oper 
ating parameter may be set based on a result of at least one of 
the first and the second calibration operations at the memory 
device or the memory controller. 
0006. In another embodiment, a method includes perform 
ing a first calibration operation associated with first data 
written from a memory controller to a memory device. A 
second calibration operation may be associated with second 
data written from a memory controller to a memory device. 
The operating parameter may be set based on a result of at 
least one of the first and the second calibration operations at 
the memory device or the memory controller. 
0007 Signal errors may be reduced and the speed at which 
the communication bus executes may increase. The automatic 
adjustment of operating parameters may reduce impedance 
mismatches and yield improvements in timing margins. Data 
may be read and compared to known data at startup and 
during real time. System operation may remain uninterrupted 
while the operating parameters are selectively updated. The 
updates may increase system speed and accuracy. 
0008 Features that characterize embodiments are set forth 
in the claims annexed hereto and forming a further part 
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hereof. However, for a better understanding of embodiments, 
and of the advantages and objectives attained through their 
use, reference should be made to the Drawings and to the 
accompanying descriptive matter. 

IV. BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a block diagram of a first embodiment of a 
system configured to train a memory device and a memory 
controller using a combination of a write operation and a read 
operation; 
0010 FIG. 2 is a block diagram of a second embodiment 
of a system configured to train a memory device and a 
memory controller using a combination of a write operation 
and a read operation; 
0011 FIG. 3 is a block diagram of a third embodiment of 
a system configured to train a memory device and a memory 
controller using a combination of a write operation and a read 
operation; 
0012 FIG. 4 is a block diagram of a fourth embodiment of 
a system configured to train a memory device and a memory 
controller using a combination of a write operation and a read 
operation; 
0013 FIG. 5 is a block diagram of a fifth embodiment of a 
system configured to train a memory device and a memory 
controller using a combination of a write operation and a read 
operation; 
0014 FIG. 6 is a block diagram of a sixth embodiment of 
a system configured to train a memory device and a memory 
controller using a combination of a write operation and a read 
operation; 
0015 FIG. 7 is a block diagram of a seventh embodiment 
of a system configured to train a memory device and a 
memory controller using a combination of a write operation 
and a read operation; 
0016 FIG. 8 is a block diagram of an eighth embodiment 
of a system configured to train a memory device and a 
memory controller using a combination of a write operation 
and a read operation; 
0017 FIG. 9 is a block diagram of a first embodiment of a 
system configured to train a memory device and a memory 
controller using a combination of read operations; 
0018 FIG. 10 is a block diagram of a second embodiment 
of a system configured to train a memory device and a 
memory controller using a combination of read operations; 
0019 FIG. 11 is a block diagram of a third embodiment of 
a system configured to train a memory device and a memory 
controller using a combination of read operations; 
0020 FIG. 12 is a block diagram of a first embodiment of 
a system configured to train a memory device and a memory 
controller using a combination of write operations; 
0021 FIG. 13 is a block diagram of a second embodiment 
of a system configured to train a memory device and a 
memory controller using a combination of write operations; 
0022 FIG. 14 is a block diagram of a third embodiment of 
a system configured to train a memory device and a memory 
controller using a combination of write operations; 
0023 FIG. 15 is a flow diagram of an embodiment of a 
method to train a memory controller and a memory device 
using a combination of a read operation and a write operation; 
0024 FIG. 16 is a flow diagram of an embodiment of a 
method to train a memory controller and a memory device 
using a combination of read operations; and 
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0025 FIG. 17 is a flow diagram of an embodiment of a 
method to train a memory controller and a memory device 
using a combination of write operations. 

V. DETAILED DESCRIPTION 

0026. A memory device and a memory controller linked 
via a data net may be trained using a combination of opera 
tions that include at least one of a read operation and a write 
operation. A write operation may include data (e.g., a one or 
a zero) being communicated via the data net from the driver of 
the memory controller to the memory device. A read opera 
tion may include data (e.g., a one or a Zero) being received at 
the memory controller from a driver of the memory device via 
the data net. The training may include direct or alternating 
current and may use real time, functional data. Functional or 
deterministic data may be compared to test data to determine 
what, if any, adjustments to make to operating parameters of 
at least one of the memory device and the memory controller. 
The operating parameters may be automatically adjusted dur 
ing operations. Signal errors and impedance mismatches may 
be reduced, and execution speed may be increased. The oper 
ating parameters may be managed to increase the timing 
margin. 
0027 FIG. 1 shows a first embodiment of a system 100 
configured to train a memory device 102 and a memory 
controller 104 using a combination of a write operation and a 
read operation. For instance, the impedance of a driver 152 of 
the memory controller 104 may be set using a write operation. 
Additionally, a reference voltage of a first resistor arrange 
ment 108 coupled to the memory controller 104 may be set 
using a read operation. The system 100 may use a single test 
path (e.g., a low Voltage test path) in each read and write 
operation. An embodiment of the system 100 may comprise a 
communications bus. 
0028. The memory device 102 may be coupled to the 
memory controller 104 via a data net 106. Training may 
include adjusting one more operating parameters of the 
memory controller 104. For example, the training may 
include setting the reference voltage (V) associated with 
the first resistor arrangement 108. A low voltage value used to 
set the reference Voltage may be automatically determined 
and updated. The reference voltage may be set before and 
updated during operation. In another example, an operating 
parameter may include an impedance of the driver 152 of the 
memory controller 104. The impedance of the driver 152 may 
be set and adjusted to train the memory controller 104. 
0029. The data net 106 may couple a driver 110 of the 
memory device 102 to an input port of a comparator 112 of the 
memory controller 104. The resistor arrangement 108 may 
provide a low Voltage value to a second input of the compara 
tor 112. The resistor arrangement 108 may include a first 
resistor R1 associated with the high voltage value. The resis 
tor arrangement 108 may further include a second resistor R2 
associated with the low voltage value. The output of the 
comparator 112 may comprise a first test path 120 coupled to 
V logic 114. The V logic 114 may be configured to 
determine a low Voltage value. The V logic 114 may be 
coupled to a digital-to-analog Voltage (D/A) voltage device 
116. The V logic 114 may be configured to instruct the D/A 
voltage device 116 to selectively increment or decrement the 
low voltage value at the first resistor arrangement 108. 
0030 The data net 106 may additionally be coupled to a 

first input of a comparator 118. The resistor arrangement 108 
may provide the reference Voltage to a second input of the 
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comparator 118. The output of the comparator 118 may com 
prise a functional path 122 associated with a functional device 
(not shown). During a read operation, the data of the func 
tional path 122 may be compared to the data of the first test 
path 120. A result of the comparison may be used to set or 
adjust the low Voltage value. 
0031. For instance, the correctness of the test path data 
may be determined based on data of the functional path 122. 
A percentage of the instances when correct data (or incorrect 
data) is read in the first test path 120 may be determined by 
comparing the test data with the functional data. For example, 
the data of the functional path 122 may be used to determine 
if a one or a zero of the first test path 120 correctly corre 
sponds to a one or Zero of the functional path 122. At a point 
when the incorrect data of the test path 120 switches (i.e., 
from a Zero to a one, or from a one to a Zero), the Voltage value 
may be set correctly. A predetermined range, ratio, set point, 
or other criteria may be specified. For instance, the low volt 
age value may be too low until some percentage of the data of 
the first test path 120 matches data of the functional path122. 
0032. During a write operation, a comparator 124 may 
receive a data signal at a first input coupled to the data net 106. 
A second input of the comparator 124 may be coupled to a 
second resistor arrangement 126. The second resistor 
arrangement 126 may include multiple resistors R3, R4, and 
RS. 
0033. The output of the comparator 124 may comprise a 
second test path 128 coupled to V logic 130 configured to 
determine a low voltage value. The V logic 130 may be 
coupled to set impedance logic 140. The V logic 130 may 
be configured to instruct the set impedance logic 140 to pull 
down the impedance of the driver 152. The impedance of the 
driver 152 may be adjusted to train the memory controller 104 
during a write operation. For example, impedance of the 
driver 152 may be adjusted when the data of the second test 
path 128 falls outside of a predetermined range, ratio, set 
point, or other criteria when compared to corresponding data 
of the functional path 122. 
0034. As shown in FIG. 1, the memory controller 104 may 
be coupled to a third resistor arrangement 144 that includes a 
resistor R6. An embodiment may apply current to the third 
resistor arrangement 144 to affect impedances associated 
with a termination device 142 and the driver 152. The 
memory device 102 may be coupled to a fourth resistor 
arrangement 148 that includes resistors R7 and R8 and to a 
fifth resistor arrangement 190 that includes resistor R9. The 
fourth resistor arrangement 148 may be configured to provide 
a reference voltage to the memory device 102. A voltage at the 
fifth resistor arrangement 190 may affect impedances of the 
driver 110 and a termination device 146 of the memory device 
102. The termination devices 142, 146 may each be associ 
ated with a load impedance to match line impedance and 
reduce signal reflection along the data net 106. 
0035 An illustrative memory device 102 may include a 
Dynamic Random Access Memory (DRAM) memory 
device, such as a Graphics Double Data Rate (GDDR) 
DRAM. The memory controller 104 may be located within 
any type of computer system including, but not limited to, a 
desktop computer, a server, a laptop, a handheld device, a 
tablet personal computer, a set-top box, or another type of 
computer system that utilizes system memory. Within the 
computer system, the memory controller 104 may be located 
in a chipset, in one or more processors coupled to the chipset, 
or in a discrete component coupled to the system memory. 
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The data net 106 may include one or more links configured to 
transmit data between two components within a computer 
system. 
0036 FIG. 2 shows a second embodiment of a system 200 
configured to train a memory device 202 and a memory 
controller 204 using a combination of a write operation and a 
read operation. For instance, the impedance of a driver 252 of 
the memory controller 204 may be set using a write operation, 
and a reference voltage of a first resistor arrangement 208 
may be set using a read operation. The system 200 may use 
both high and low Voltage test paths in each read and write 
operation. 
0037. The memory device 202 may be coupled to the 
memory controller 204 via a data net 206. Training may 
include adjusting one more operating parameters of the 
memory controller 204. For example, the training may 
include setting a reference voltage (V) associated with the 
first resistor arrangement 208. A low and a high Voltage value 
may be used to set the reference Voltage may be automatically 
determined and updated. The reference voltage may be set 
before and updated during operation. In another example, an 
operating parameter may include an impedance of the driver 
252 of the memory controller 204. The impedance of the 
driver 252 may be set and adjusted to train the memory 
controller 204. 
0038. The data net 206 may couple a driver 210 of the 
memory device 202 to an input port of a comparator 212 of the 
memory controller 204. A second input of the comparator 212 
may be coupled to the first resistor arrangement 208. The first 
resistor arrangement 208 may provide a low Voltage value to 
the second input of the comparator 212. The resistor arrange 
ment 208 may include a first resistor R1 associated with the 
high voltage value. The resistor arrangement 208 may further 
include a second resistor R2 associated with the low voltage 
value. The output of the comparator 212 may comprise a low 
test path 220 coupled to a V logic 272 configured to deter 
mine a low Voltage value. The V logic 272 may be coupled 
to a D/A voltage device 216. The V logic 272 may be 
configured to instruct the D/A voltage device 216 to selec 
tively increment or decrement the low voltage value at the first 
resistor arrangement 208. 
0039. The data net 206 may additionally be coupled to an 
input port of a comparator 254 of the memory controller 204. 
A second input of the comparator 254 may be coupled to the 
first resistor arrangement 208. The first resistor arrangement 
208 may provide a high voltage value to the second input of 
the comparator 254. The output of the comparator 254 may 
comprise a high test path 274 coupled to a V, logic 256 
configured to determine a high voltage value. The V, logic 
256 may be coupled to a D/A voltage device 258. The V, 
logic 256 may be configured to instruct the D/A voltage 
device 258 to selectively increment or decrement the high 
voltage value at the first resistor arrangement 208. 
0040. The data net 206 may additionally be coupled to a 

first input of a comparator 218. The resistor arrangement 208 
may provide the reference Voltage to a second input of the 
comparator 218. The output of the comparator 218 may com 
prise a functional path 222 associated with a functional device 
(not shown). During a read operation, the data of the func 
tional path 222 may be compared to the data of the low test 
path 220 and the high test path 274. Results of the comparison 
may be used to set or otherwise adjust at least one of the high 
and low Voltage values. For example, the correctness of the 
high and low test path data may be determined based on data 
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of the functional path 222. A percentage of the instances when 
correct data (or incorrect data) is read may be determined by 
comparing the test data with the functional data. A predeter 
mined range, ratio, set point, or other criteria may be speci 
fied, as described herein. As with other embodiments 
described herein, the test data may be monitored over several 
cycles. 
0041. For instance, the correctness of the test path data 
may be determined based on data of the functional path 222. 
A percentage of the instances when correct data (or incorrect 
data) is read in the test data path 220 may be determined by 
comparing the test data with the functional data. For example, 
the data of the functional path 222 may be used to determine 
ifa one or a zero of the test path 220 correctly corresponds to 
a one or Zero of the functional path. At a point when the 
incorrect data of the test path 220 switches (i.e., from a zero to 
a one, or from a one to a Zero), the Voltage value may be set 
correctly. A predetermined range, ratio, set point, or other 
criteria may be specified. For instance, the low Voltage value 
may be too low until some percentage of the data of the test 
path 220 matches data of the functional path 222. 
0042. During a write operation, a comparator 224 may 
receive a data signal at a first input coupled to the data net 206. 
A second input of the comparator 224 may be coupled to a 
second resistor arrangement 226. The second resistor 
arrangement 226 may include resistors R3, R4, R5, and R6. 
The output of the comparator 224 may comprise a low test 
path 228 coupled to a V logic 230 configured to determine 
a low voltage value. The V logic 230 may be coupled to set 
impedance logic 240. The V logic 230 may be configured 
to instruct the set impedance logic 240 to pull down the 
impedance of the driver 252. The impedance of the driver 252 
may be adjusted to train the memory controller 204 during a 
write operation. For example, impedance of the driver 252 
may be adjusted when the data of the low test path 228 falls 
outside of a predetermined range, ratio, set point, or other 
criteria when compared to corresponding data of the func 
tional path 222. 
0043. A comparator 260 may receive a data signal at a first 
input coupled to the data net 206. A second input of the 
comparator 260 may be coupled to the second resistor 
arrangement 226. The output of the comparator 260 may 
comprise a high test path 276 coupled to a V, logic 262 
configured to determine a high voltage value. The V, logic 
262 may be coupled to set impedance logic 264. The V, 
logic 262 may be configured to instruct the set impedance 
logic 264 to pull up the impedance of the driver 252. The 
impedance of the driver 252 may be adjusted to train the 
memory controller 204 during a write operation. For instance, 
impedance of the driver 252 may be adjusted when the data of 
the high test path 276 falls outside of a predetermined range, 
ratio, set point, or other criteria when compared to corre 
sponding data of the functional path 222. 
0044 As shown in FIG. 2, the memory device 202 may be 
coupled to a third resistor arrangement 248 that includes 
resistors R7 and R8 and to a fourth resistor arrangement 290 
that includes resistor R9. The third resistor arrangement 148 
may be configured to provide a reference Voltage to the 
memory device 102. A voltage at the fourth resistor arrange 
ment 290 may affect impedances of the driver 110 and termi 
nation devices 246, 248 of the memory device 102. The 
memory controller 204 may include termination devices 242, 
266 and may be coupled to a fifth resistor arrangement 244. 
The termination devices 242, 246, 248, and 266 may each be 
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associated with a load impedance to match line impedance 
and reduce signal reflection along the data net 206. The fifth 
resistor arrangement 244 may be configured to affect the 
impedances of the termination devices 242,266 and the driver 
252. 

0045 FIGS. 1 and 2 thus show embodiments of systems 
100, 200 configured to train voltage values between a 
memory controller and a memory device using a combination 
of a read and a write operation. For example, the impedances 
of the drivers 152,252 may be set using a write operation, and 
the reference voltages of the resistor arrangements 108, 208 
may be set using a read operation. The system 100 may use a 
single test path (e.g., a low Voltage test path) in each read and 
write operation. The system 200 may use both high and low 
Voltage test paths in each read and write operation. Both 
systems 100, 200 may facilitate increased data accuracy, tim 
ing margins, and processing speed. 
0046 FIG. 3 shows a third embodiment of a system 300 
configured to train a memory device 302 and a memory 
controller 304 using a combination of a write operation and a 
read operation. For instance, a reference voltage 348 of the 
memory device 302 may be set using a write operation, and a 
reference voltage of memory controller 304 may be set using 
a read operation. The system 300 may use both high and low 
Voltage test paths in each read and write operation. The sys 
tem 300 may comprise a communications bus. 
0047. The memory device 302 may be coupled to the 
memory controller 304 via a data net 306. Training may 
include adjusting one more operating parameters of the 
memory device 302 and the memory controller 304. For 
example, the training may include setting a reference Voltage 
(V) associated with a first resistor arrangement 308 coupled 
to the memory controller 304. A low and a high voltage value 
may be used to set the reference Voltage may be automatically 
determined and updated. The reference voltage may be set 
before and updated during operation. In another example, an 
operating parameter may include a reference Voltage of the 
memory device 302. The reference voltage may be set by 
adjusting high and low Voltage values associated with a sec 
ond resistor arrangement 348. 
0048. The data net 306 may couple a driver 310 of the 
memory device 302 to an input port of a comparator 324 of the 
memory controller 304. The first resistor arrangement 308 
may provide a low Voltage value to the second input of the 
comparator 324. The resistor arrangement 308 may include a 
first resistor R1 associated with the high voltage value. The 
resistor arrangement 308 may further include a second resis 
tor R2 associated with the low voltage value. The output of the 
comparator 324 may comprise a low test path 380 coupled to 
a V logic 330 configured to determine a low voltage value. 
The V logic 330 may be coupled to a D/A voltage device 
340. The V logic 330 may be configured to instruct the D/A 
voltage device 340 to selectively increment or decrement the 
low voltage value at the first resistor arrangement 308. 
0049. The data net 306 may additionally be coupled to an 
input port of a comparator 360 of the memory controller 304. 
A second input of the comparator 360 may be coupled to the 
first resistor arrangement 308. The first resistor arrangement 
308 may provide a high voltage value to the second input of 
the comparator 360. The output of the comparator 360 may 
comprise a high test path 382 coupled to a V, logic 374 
configured to determine a high voltage value. The V, logic 
374 may be coupled to a D/A voltage device 378. The V, 
logic 374 may be configured to instruct the D/A voltage 
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device 378 to selectively increment or decrement the high 
voltage value at the first resistor arrangement 308 during a 
read operation. 
0050. The data net 306 may additionally be coupled to a 

first input of a comparator 318. The resistor arrangement 308 
may provide the reference Voltage to a second input of the 
comparator 318. The output of the comparator 318 may com 
prise a functional path322 associated with a functional device 
(not shown). During a read operation, the data of the func 
tional path 322 may be compared to the data of the low test 
path 380 and the high test path 382. Results of the comparison 
may be used to set or adjust at least one of the high and low 
Voltage values. For instance, the correctness of the high and 
low test path data may be determined based on data of the 
functional path 322. A percentage of the instances when 
correct data (or incorrect data) is read may be determined by 
comparing the test data with the functional data. A predeter 
mined range, ratio, set point, or other criteria may be speci 
fied, as described herein. 
0051 During a write operation, a comparator 312 may 
receive a data signal at a first input coupled to the data net 306. 
A second input of the comparator 312 may be coupled to a low 
Voltage portion of a second resistor arrangement 348. The 
second resistor arrangement 348 may include resistors R3 
and R4 and may provide a reference Voltage to the memory 
device 302. The output of the comparator 312 may comprise 
a low test path 320 coupled to a V logic 372 configured to 
determine a low voltage value. The V logic 372 may be 
coupled to a D/A voltage device 316. The V, logic 372 may 
be configured to instruct the D/A voltage device 316 to selec 
tively increment or decrement the low voltage value at the 
second resistor arrangement 348 during a write operation. For 
example, the low Voltage value may be adjusted when the data 
of the low test path 320 falls outside of a predetermined range, 
ratio, set point, or other criteria when compared to corre 
sponding data of the functional path 322. 
0.052 A comparator 354 may receive a data signal at a first 
input coupled to the data net 306. A second input of the 
comparator 354 may be coupled to a high Voltage portion of 
the second resistor arrangement 348. The output of the com 
parator 354 may comprise a high test path 378 coupled to a 
V, logic 356 configured to determine a high voltage value. 
The V, logic 356 may be coupled to a D/A voltage device 
358. The V, logic 356 may be configured to instruct the 
D/A voltage device 358 to selectively increment or decrement 
the high Voltage value at the second resistor arrangement 348 
during a write operation. For example, the high Voltage value 
may be adjusted when the data of the high test path 378 falls 
outside of a predetermined range, ratio, set point, or other 
criteria when compared to corresponding data of the func 
tional path 322. 
0053 As shown in FIG.3, the memory controller 304 may 
include a termination device 342 and a termination device 
366. A third resistor arrangement 344 that includes R8 may be 
configured to set impedances associated with the termination 
devices 342,366 and the driver 352. The memory device 302 
may include a termination device 346 and a termination 
device 368. A fourth resistor arrangement 344 that includes 
R7 may be configured to set impedances associated with the 
termination devices 346, 368 and the driver 310. The termi 
nation devices 342,346,366, and 368 may each be associated 
with a load impedance to match line impedance and reduce 
signal reflection along the data net 306. 
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0054 The system 300 may train voltage values between 
the memory controller 304 and the memory device 302 using 
a combination of a read and a write operation. For instance, 
the reference voltage associated with the memory controller 
304 may be set using a read operation, and the reference 
voltage associate with the memory device 302 may be set 
using a write operation. The adjustment of the high and low 
Voltage values may reduce impedance mismatches by adjust 
ing the reference Voltage to yield improvements in timing 
margins. 
0055 FIG. 4 shows a fourth embodiment of a system 400 
configured to train a memory device 402 and a memory 
controller 404 using a combination of a write operation and a 
read operation. For example, an impedance of a driver 452 of 
the memory controller 404 may be set using a write operation, 
and impedances of termination devices 442, 466 may be set 
using a read operation. The system 400 may use both high and 
low Voltage test paths in each read and write operation. The 
system 400 may comprise a communications bus. 
0056. The memory device 402 may be coupled to the 
memory controller 404 via a data net 406. Training may 
include adjusting one more operating parameters of the 
memory controller 404. For instance, the training may 
include setting a pull up impedance at the termination device 
442 and setting a pull down impedance at the termination 
device 466. In another example, an operating parameter may 
include an impedance of the driver 452 of the memory con 
troller 404. The impedance of the driver 452 may be set and 
adjusted to train the memory controller 404. 
0057 The data net 406 may couple a driver 410 of the 
memory device 402 to an input port of a comparator 424 of the 
memory controller 404. A second input of the comparator 424 
may be coupled to a first resistor arrangement 408. The first 
resistor arrangement 408 may include multiple resistors R1, 
R2, R3, and R4. The first resistor arrangement 408 may pro 
vide a low Voltage value to the second input of the comparator 
424. The output of the comparator 424 may comprise a low 
test path 480 coupled to a V logic 430 configured to deter 
mine a low Voltage value. The V logic 430 may be coupled 
to set impedance logic 486. The set impedance logic 486 may 
be configured to pull up the impedance at the termination 
device 442. 
0058. The data net 406 may additionally be coupled to an 
input port of a comparator 460 of the memory controller 404. 
A second input of the comparator 460 may be coupled to the 
first resistor arrangement 408. The first resistor arrangement 
408 may provide a high voltage value to the second input of 
the comparator 460. The output of the comparator 460 may 
comprise a high test path 482 coupled to a V, logic 474 
configured to determine a high voltage value. The V, logic 
474 may be coupled to set impedance logic 484. The set 
impedance logic 484 may be configured to pull down the 
impedance at the termination device 466. 
0059. The data net 406 may additionally be coupled to a 

first input of a comparator 418. The resistor arrangement 408 
may provide a reference Voltage to a second input of the 
comparator 418. The output of the comparator 418 may com 
prise a functional path 422 associated with a functional device 
(not shown). During a read operation, the data of the func 
tional path 422 may be compared to the data of the low test 
path 480 and the high test path 482. Results of the comparison 
may be used to set or adjust at least one of the impedances at 
the termination devices 442, 466. For example, the correct 
ness of the high and low test path data may be determined 
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based on data of the functional path 422. A percentage of the 
instances when correct data (or incorrect data) is read may be 
determined by comparing the test data with the functional 
data. A predetermined range, ratio, set point, or other criteria 
may be specified, as described herein. 
0060. During a write operation, a comparator 412 may 
receive a data signal at a first input coupled to the data net 406. 
A second input of the comparator 412 may be coupled to the 
first resistor arrangement 408. The output of the comparator 
412 may comprise a low test path 420 coupled to set imped 
ance logic 416. The set impedance logic 416 may pull down 
the impedance of the driver 452. The impedance of the driver 
452 may thus be adjusted to train the memory controller 404 
during a write operation. For instance, impedance of the 
driver 452 may be adjusted when the data of the low test path 
420 falls outside of a predetermined range, ratio, set point, or 
other criteria when compared to corresponding data of the 
functional path 422. 
0061. A comparator 454 may receive a data signal at a first 
input coupled to the data net 406. A second input of the 
comparator 454 may be coupled to the first resistor arrange 
ment 408. The output of the comparator 454 may comprise a 
high test path 478 coupled to set impedance logic 458. The set 
impedance logic 458 may pull up the impedance of the driver 
452. The impedance of the driver 452 may thus be adjusted to 
train the memory controller 404 during a write operation. For 
example, impedance of the driver 452 may be adjusted when 
the data of the high test path 478 falls outside of a predeter 
mined range, ratio, set point, or other criteria when compared 
to corresponding data of the functional path 422. 
0062. As shown in FIG.4, the memory device 402 may be 
coupled to a second resistor arrangement 448 that includes 
resistors R5, R6 and a third resistor arrangement 490 that 
includes resistor R7. The second resistor arrangement 448 
may be configured to provide a reference Voltage to the 
memory device 402. A Voltage at the third resistor arrange 
ment 490 may affect impedances of termination devices 446, 
468 and the driver 410. The termination devices 446, 46.8 may 
each be associated with a load impedance to match line 
impedance and reduce signal reflection along the data net 
406. A fourth resistor arrangement 444 may be coupled to the 
memory controller 404. A voltage at the fourth resistor 
arrangement 444 may affect impedances of the terminal 
devices 442, 466 and the driver 452. 
0063. The system 400 may thus train the memory device 
402 and the memory controller 404 using a combination of a 
write operation and a read operation. For instance, the imped 
ance of the driver 452 of the memory controller 404 may be 
set using a write operation, and the impedance of termination 
devices 442, 466 of the memory controller 404 may be set 
using a read operation. The system 400 may use both high and 
low Voltage test paths in each read and write operation. The 
adjustment of the high and low Voltage values may reduce 
impedance mismatches by adjusting the reference Voltage to 
yield improvements in timing margins. The system 400 may 
facilitate increased data accuracy, timing margins, and pro 
cessing speed. 
0064 FIG. 5 shows a fifth embodiment of a system 500 
configured to train a memory device 502 and a memory 
controller 504 using a combination of a write operation and a 
read operation. For example, a reference voltage (V) asso 
ciated with the memory device 502 may be set using a write 
operation, and impedances oftermination devices 542,566 of 
the memory controller 504 may be set using a read operation. 
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The system 500 may use both high and low voltage test paths 
in each read and write operation. 
0065. The memory device 502 may be coupled to the 
memory controller 504 via a data net 506. Training may 
include adjusting one more operating parameters of the 
memory device 502 and the memory controller 504. For 
instance, the training may include setting a pull up impedance 
at the termination device 542 and setting a pull down imped 
ance at the termination device 566. In another example, an 
operating parameter may include the reference Voltage asso 
ciated with the memory device 502. 
0066. The data net 506 may couple a driver 510 of the 
memory device 502 to an input port of a comparator 524 of the 
memory controller 504. A second input of the comparator 524 
may be coupled to a first resistor arrangement 508. The first 
resistor arrangement 508 may include multiple resistors R1, 
R2, R3, and R4. The first resistor arrangement 508 may pro 
vide a low Voltage value to the second input of the comparator 
524. The output of the comparator 524 may comprise a low 
test path 580 coupled to a V logic 530 configured to deter 
mine a low voltage value. The V logic 530 may be coupled 
to set impedance logic 586. The set impedance logic 586 may 
be configured to pull up the impedance at the termination 
device 542. 
0067. The data net 506 may additionally be coupled to an 
input port of a comparator 560 of the memory controller 504. 
A second input of the comparator 560 may be coupled to the 
first resistor arrangement 508. The first resistor arrangement 
508 may provide a high voltage value to the second input of 
the comparator 560. The output of the comparator 560 may 
comprise a high test path 582 coupled to a V, logic 574 
configured to determine a high voltage value. The V, logic 
574 may be coupled to set impedance logic 584. The set 
impedance logic 584 may be configured to pull down the 
impedance at the termination device 566. 
0068. The data net 506 may additionally be coupled to a 

first input of a comparator 518. The resistor arrangement 508 
may provide the reference Voltage to a second input of the 
comparator 518. The output of the comparator 518 may com 
prise a functional path 522 associated with a functional device 
(not shown). During a read operation, the data of the func 
tional path 522 may be compared to the data of the low test 
path 580 and the high test path 582. Results of the comparison 
may be used to set or adjust at least one of the impedances at 
the termination devices 542, 566. For example, the correct 
ness of the high and low test path data may be determined 
based on data of the functional path 522. A percentage of the 
instances when correct data (or incorrect data) is read may be 
determined by comparing the test data with the functional 
data. A predetermined range, ratio, set point, or other criteria 
may be specified, as described herein. 
0069. During a write operation, a comparator 512 may 
receive a data signal at a first input coupled to the data net 506. 
A second input of the comparator 512 may be coupled to a low 
voltage portion of a second resistor arrangement 558. The 
second resistor arrangement 558 may include resistors R5 
and R6 and may provide a reference Voltage to the memory 
device 502. The output of the comparator 512 may comprise 
a low test path 578 coupled to a V logic 572 configured to 
determine a low voltage value. The V logic 572 may be 
coupled to a D/A voltage device 516. The V, logic 572 may 
be configured to instruct the D/A voltage device 516 to selec 
tively increment or decrement the low voltage value at the 
second resistor arrangement 558 during a write operation. For 
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instance, the low Voltage value may be adjusted when the data 
of the low test path 578 falls outside of a predetermined range, 
ratio, set point, or other criteria when compared to corre 
sponding data of the functional path 522. 
0070 A comparator 554 may receive a data signal at a first 
input coupled to the data net 506. A second input of the 
comparator 554 may be coupled to a high voltage portion of 
the second resistor arrangement 558. The output of the com 
parator 554 may comprise a high test path 578 coupled to a 
V, logic 556 configured to determine a high voltage value. 
The V, logic 556 may be coupled to a D/A voltage device 
558. The V, logic 556 may be configured to instruct the 
D/A voltage device 558 to selectively increment or decrement 
the high voltage value at the second resistor arrangement 558 
during a write operation. For example, the high Voltage value 
may be adjusted when the data of the high test path 578 falls 
outside of a predetermined range, ratio, set point, or other 
criteria when compared to corresponding data of the func 
tional path 522. 
(0071. As shown in FIG.5, the memory controller 504 may 
include termination devices 542, 566 and a third resistor 
arrangement 544 that includes resistor R8. A voltage present 
at the third resistor arrangement 544 may affect impedances 
of the termination devices 542, 566 and the driver 552. The 
memory device 502 may include termination devices 546, 
568 and a fourth resistor arrangement 590 that includes resis 
tor R7. A voltage present at the fourth resistor arrangement 
590 may affect impedances of the termination devices 546, 
568 and the driver 510. The termination devices 542, 546, 
566, and 568 may each be associated with a load impedance 
to match line impedance and reduce signal reflection along 
the data net 506. 

0072 The system 500 may train voltage values between 
the memory controller 504 and the memory device 502 using 
a combination of a read and a write operation. For instance, 
the reference voltage associated with the memory controller 
504 may be set using a write operation, and the impedance of 
the termination devices 542, 566 of the memory controller 
504 may be set using a read operation. Data may be read and 
compared to functional data during real time. System opera 
tion may remain uninterrupted while the high and the low 
Voltage values are selectively updated. The automatic updates 
may reduce impedance mismatches and offset issues. 
(0073 FIG. 6 shows a sixth embodiment of a system 600 
configured to train a memory device 602 and a memory 
controller 604 using a combination of a write operation and a 
read operation. For example, during a write operation, a Volt 
age at a first resistor arrangement 690 may be set to calibrate 
a driver 610 of the memory device 602 with an offset from the 
memory controller 604. An impedance of a termination 
device 642 of the memory controller 604 may be set using a 
read operation. As with other the other embodiments 
described herein, the system 600 may comprise a communi 
cations bus. 

0074 The memory device 602 may be coupled to the 
memory controller 604 via a data net 606. Training may 
include adjusting one more operating parameters of at least 
one of the memory device 602 and the memory controller 
604. For instance, the training may include setting a pull up 
impedance at the termination device 642. In another example, 
an operating parameter may include a Voltage at the memory 
device 602 and associated with an offset of the memory 
controller 604. 
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0075. The data net 606 may couple the driver 610 of the 
memory device 602 to an input port of a comparator 624 of the 
memory controller 604. A second input of the comparator 624 
may be coupled to a second resistor arrangement 608. The 
second resistor arrangement 608 may include multiple resis 
tors R1, R2, and R3. The second resistor arrangement 608 
may provide a low Voltage value to the second input of the 
comparator 624. The output of the comparator 624 may com 
prise a low test path 680 coupled to a V logic 630 config 
ured to determine a low voltage value. The V logic 630 may 
be coupled to set impedance logic 678. The set impedance 
logic 678 may be configured to pull up the impedance at the 
termination device 642. 
0076. The data net 606 may additionally be coupled to a 

first input of a comparator 618. The resistor arrangement 608 
may provide a reference Voltage to a second input of the 
comparator 618. The output of the comparator 618 may com 
prise a functional path 622 associated with a functional device 
(not shown). During a read operation, the data of the func 
tional path 622 may be compared to the data of the low test 
path 680. Results of the comparison may be used to set or 
adjust the impedance at the termination device 642. For 
example, the correctness of the low test path data may be 
determined based on data of the functional path 622. A per 
centage of the instances when correct data (or incorrect data) 
is read may be determined by comparing the test data with the 
functional data. A predetermined range, ratio, set point, or 
other criteria may be specified, as described herein. 
0077. During a write operation, a comparator 612 may 
receive a data signal at a first input coupled to the data net 606. 
A second input of the comparator 612 may be coupled to a low 
voltage portion of the second resistor arrangement 608. The 
output of the comparator 612 may comprise a low test path 
620 coupled to a V logic 672 configured to determine a low 
voltage value. The V logic 672 may be coupled to a D/A 
current device 616. The V, logic 672 may be configured to 
instruct the D/A current device 616 to selectively increment 
or decrement a current value at the first resistor arrangement 
690 during a write operation. For instance, the current may be 
adjusted according to an offset associated with the memory 
controller 604. The offset may be determined when the data of 
the low test path 620 falls outside of a predetermined range, 
ratio, set point, or other criteria when compared to corre 
sponding data of the functional path 622. The first resistor 
arrangement 690 may include multiple resistors R7, R8. 
When the current is applied at the first resistor arrangement 
690, the driver 610 may be calibrated. The voltage on the data 
net 606 may be set via the driver 610 according to the current 
applied to the first resistor arrangement 690. 
0078. As shown in FIG. 6, the memory controller 604 may 
be coupled to a third resistor arrangement 644 that includes a 
resistor R4. A voltage at the third resistor arrangement 644 
may affect impedances of the termination device 642 and the 
driver 652. The memory device 602 may be coupled to a 
fourth resistor arrangement 648 that includes multiple resis 
tors R5, R6. The fourth resistor arrangement 648 may be 
configured to provide a reference Voltage to the memory 
device 602. The memory device 602 may further include a 
termination device 646. The termination devices 642, 646 
may each be associated with a load impedance to match line 
impedance and reduce signal reflection along the data net 
606. 

007.9 The system 600 may train voltage values between 
the memory controller 604 and the memory device 602 using 
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a combination of a read and a write operation. For example, 
the voltage value affecting the driver 610 of the memory 
device 602 may be set according to a memory controller offset 
using a write operation. The impedance of the termination 
device 642 of the memory controller 604 may be set using a 
read operation. The system 600 may use low voltage test 
paths in each read and write operation. 
0080 FIG. 7 shows a seventh embodiment of a system 700 
configured to train a memory device 702 and a memory 
controller 704 using a combination of a write operation and a 
read operation. For instance, during a read operation, a Volt 
age at a first resistor arrangement 790 may be set to calibrate 
a driver 710 of the memory device 702 according to a memory 
controller offset. An impedance of a driver 752 of the memory 
controller 704 may be set using a write operation. 
I0081. The memory device 702 may be coupled to the 
memory controller 704 via a data net 706. Training may 
include adjusting one more operating parameters of at least 
one of the memory device 702 and the memory controller 
704. For example, the training may include setting an imped 
ance of the driver 752. In another example, an operating 
parameter may include a Voltage offset applied to the driver 
710 of the memory device 702. 
I0082. The data net 706 may couple the driver 710 of the 
memory device 702 to an input port of a comparator 724 of the 
memory controller 704. A second input of the comparator 724 
may be coupled to a second resistor arrangement 708. The 
second resistor arrangement 708 may include multiple resis 
tors R1, R2, and R3. The second resistor arrangement 708 
may provide a low Voltage value to the second input of the 
comparator 724. The output of the comparator 724 may com 
prise a low test path 780 coupled to a V logic 730 config 
ured to determinealow voltage value. The Vlogic 730 may 
be coupled to set impedance logic 778. The set impedance 
logic 778 may be configured to set the impedance of the driver 
T52. 

I0083. The data net 706 may additionally be coupled to a 
first input of a comparator 718. The resistor arrangement 708 
may provide a reference Voltage to a second input of the 
comparator 718. The output of the comparator 718 may com 
prise a functional path 722 associated with a functional device 
(not shown). During a write operation, the data of the func 
tional path 722 may be compared to the data of the low test 
path 780. Results of the comparison may be used to set or 
adjust the impedance at the driver 752. For instance, the 
correctness of the low test path data may be determined based 
on data of the functional path 722. A percentage of the 
instances when correct data (or incorrect data) is read may be 
determined by comparing the test data with the functional 
data. A predetermined range, ratio, set point, or other criteria 
may be specified, as described herein. 
I0084. During a read operation, a comparator 712 may 
receive a data signal at a first input coupled to the data net 706. 
A second input of the comparator 712 may be coupled to a low 
voltage portion of the second resistor arrangement 708. The 
output of the comparator 712 may comprise a low test path 
720 coupled to a V logic 772 configured to determine a low 
voltage value. The V logic 772 may be coupled to a D/A 
current device 716. The V, logic 772 may be configured to 
instruct the D/A current device 716 to selectively increment 
or decrement a current value at the first resistor arrangement 
790 during the read operation. For example, the current may 
be adjusted according to an offset associated with the memory 
controller 704. The offset may be determined when the data of 
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the low test path 720 falls outside of a predetermined range, 
ratio, set point, or other criteria when compared to corre 
sponding data of the functional path 722. The first resistor 
arrangement 790 may include multiple resistors R7, R8. 
When the current is applied at the first resistor arrangement 
790, the driver 710 may be calibrated. The voltage on the data 
net 706 may be set via the driver 710 according to the current 
applied to the first resistor arrangement 790. 
I0085. As shown in FIG. 7, the memory controller 704 may 
be coupled to a third resistor arrangement 744 that includes a 
resistor R4. A voltage at the third resistor arrangement 744 
may affect impedances of the termination device 742 and the 
driver 752. The memory device 702 may be coupled to a 
fourth resistor arrangement 748 that includes resistors R5, 
R6. The fourth resistor arrangement 748 may be configured to 
provide a reference voltage to the memory device 702. The 
memory device 702 may further include a termination device 
746. The termination devices 742, 746 may each be associ 
ated with a load impedance to match line impedance and 
reduce signal reflection along the data net 706. 
I0086. The system 700 may train voltage values between 
the memory controller 704 and the memory device 702 using 
a combination of a read and a write operation. For instance, 
the voltage value affecting the driver 710 of the memory 
device 702 may be set according to a memory controller offset 
using a read operation. The impedance of the driver 752 of the 
memory controller 704 may be set using a write operation. 
The system 700 may use low voltage test paths in each read 
and write operation. 
I0087 FIG. 8 shows an eighth embodiment of system 800 
configured to train a memory device 802 and a memory 
controller 804 using a combination of a write and a read 
operation. For example, during a read operation, a Voltage at 
a first resistor arrangement 890 may be set to calibrate a driver 
810 of the memory device 802 according to a memory con 
troller offset. A reference voltage (V) associated with the 
memory device 802 may be set during a write operation. The 
system 800 may comprise a communications bus. 
I0088. The memory device 802 may be coupled to the 
memory controller 804 via a data net 806. Training may 
include adjusting one more operating parameters of at least 
one of the memory device 802 and the controller 804. For 
instance, the training may include setting the reference Volt 
age associated with the memory driver 802. In another 
example, an operating parameter may include the Voltage 
offset applied to the driver 810 of the memory device 802. 
0089. The data net 806 may be coupled to a first input of a 
comparator 818. A first resistor arrangement 808 may provide 
a reference voltage to a second input of the comparator 818. 
The output of the comparator 818 may comprise a functional 
path 822 associated with a functional device (not shown). 
During a read operation, a comparator 824 may receive a data 
signal at a first input coupled to the data net 806. A second 
input of the comparator 824 may be coupled to a low Voltage 
portion of a second resistor arrangement 808. The second 
resistor arrangement 808 may include multiple resistors R1, 
R2, and R3. 
0090 The output of the comparator 824 may comprise a 
low test path 880 coupled to a V logic 830 configured to 
determine a low voltage value. The V logic 830 may be 
coupled to a D/A current device 896. The V logic 830 may 
be configured to instruct a D/A current device 896 to selec 
tively increment or decrement a current value at the first 
resistor arrangement 890 during the read operation. For 
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example, the current may be adjusted according to an offset 
associated with the memory controller 804. The offset may be 
determined when the data of the low test path 880 falls outside 
of a predetermined range, ratio, set point, or other criteria 
when compared to corresponding data of the functional path 
822. When the appropriate current is applied at the first resis 
tor arrangement 890, the driver 810 may be calibrated. The 
voltage on the data net 806 may be set via the driver 810 
according to the current applied to the first resistor arrange 
ment 808. 
0091 During a write operation, a comparator 812 may 
receive a data signal at a first input coupled to the data net 806. 
A second input of the comparator 812 may be coupled to a low 
voltage portion of a third resistor arrangement 848. The third 
resistor arrangement 848 may include multiple resistors R5, 
R6 and may provide the reference voltage to the memory 
device 802. The output of the comparator 812 may comprise 
a low test path 820 coupled to a V logic 872 configured to 
determine a low voltage value. The V logic 872 may be 
coupled to a D/A voltage device 816. The V logic 872 may 
be configured to instruct the D/A voltage device 816 to selec 
tively increment or decrement the low voltage value at the 
third resistor arrangement 848 during a write operation. For 
instance, the low Voltage value may be adjusted when the data 
of the low test path 820 falls outside of a predetermined range, 
ratio, set point, or other criteria when compared to corre 
sponding data of the functional path 822. 
0092. As shown in FIG. 8, the memory controller 804 may 
be coupled to a fourth resistor arrangement 844 that includes 
a resistor R4. A voltage a the fourth resistor arrangement 844 
may affect impedances of a termination device 842 and the 
driver 852. The memory device 802 may include a termina 
tion device 846. The termination devices 842, 846 may each 
be associated with a load impedance to match line impedance 
and reduce signal reflection along the data net 806. 
0093. The system 800 may train voltage values between 
the memory controller 804 and the memory device 802 using 
a combination of a read and a write operation. For example, 
the voltage value affecting the driver 810 of the memory 
device 802 may be set according to a memory controller offset 
using a read operation. The reference Voltage associated with 
the memory device 802 may be set using a write operation. 
The system 800 may use low voltage test paths in each read 
and write operation. 
(0094 FIG. 9 shows a first embodiment of a system 900 
configured to train a memory device 902 and a memory 
controller 904 using a combination of multiple read opera 
tions. For instance, the impedances of termination devices 
942,966 of the memory controller 904 may be set using a first 
read operation, and a reference Voltage of a first resistor 
arrangement 908 may be set using a second read operation. 
The system 900 may use both high and low voltage test paths 
in each read operation. The system 900 may comprise a 
communications bus. 
(0095. The memory device 902 may be coupled to the 
memory controller 904 via a data net 906. Training may 
include adjusting one more operating parameters of the 
memory controller 904. For example, the training may 
include setting a reference voltage (V) associated with the 
first resistor arrangement 908. A low and a high voltage value 
may be used to set the reference Voltage may be automatically 
determined and updated. The reference voltage may be set 
before and updated during operation. In another example, an 
operating parameter may include impedances of the termina 
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tion devices 942, 966 of the memory controller 904. The 
impedances may be set and adjusted to train the memory 
controller 904 during the first read operation. 
0096. The data net 906 may couple a driver 910 of the 
memory device 902 to an input port of a comparator 912 of the 
memory controller904. A second input of the comparator 912 
may be coupled to the first resistor arrangement 908. The first 
resistor arrangement 908 may provide a low voltage value to 
the second input of the comparator 912. The resistor arrange 
ment 908 may include a first resistor R1 associated with the 
high voltage value. The resistor arrangement 908 may further 
include a second resistor R2 associated with the low voltage 
value. The output of the comparator 912 may comprise a low 
test path920 coupled to a V logic 972 configured to deter lov 

mine a low voltage value. The V logic 972 may be coupled 
to a D/A voltage device 916. The V logic 972 may be 
configured to instruct the D/A voltage device 916 to selec 
tively increment or decrement the low voltage value at the first 
resistor arrangement 908. 
0097. The data net 906 may additionally be coupled to an 
input port of a comparator 954 of the memory controller 904. 
A second input of the comparator 95.4 may be coupled to the 
first resistor arrangement 908. The first resistor arrangement 
908 may provide a high voltage value to the second input of 
the comparator 954. The output of the comparator 954 may 
comprise a high test path974 coupled to a V, logic 956 
configured to determine a high voltage value. The V, logic 
956 may be coupled to a D/A voltage device 958. The V, 
logic 956 may be configured to instruct the D/A voltage 
device 958 to selectively increment or decrement the high 
voltage value at the first resistor arrangement 908. 
0098. The data net 906 may additionally be coupled to a 

first input of a comparator 918. The resistor arrangement 908 
may provide the reference Voltage to a second input of the 
comparator 918. The output of the comparator 918 may com 
prise a functional path922 associated with a functional device 
(not shown). During a read operation, the data of the func 
tional path 922 may be compared to the data of the low test 
path920 and the high test path974. Results of the comparison 
may be used to set or adjust at least one of the high and low 
Voltage values. For instance, the correctness of the high and 
low test path data may be determined based on data of the 
functional path 922. A percentage of the instances when 
correct data (or incorrect data) is read may be determined by 
comparing the test data with the functional data. A predeter 
mined range, ratio, set point, or other criteria may be speci 
fied, as described herein. 
0099 For example, the correctness of the test path data 
may be determined based on data of the functional path922. 
A percentage of the instances when correct data (or incorrect 
data) is read in the test data path 920 may be determined by 
comparing the test data with the functional data. For instance, 
the data of the functional path922 may be used to determine 
ifa one or a zero of the test path920 correctly corresponds to 
a one or Zero of the functional path. At a point when the 
incorrect data of the test path920 switches (i.e., from a zero to 
a one, or from a one to a Zero), the Voltage value may be set 
correctly. A predetermined range, ratio, set point, or other 
criteria may be specified. For example, the low voltage value 
may be too low until Some percentage of the data of the test 
path920 matches data of the functional path922. 
0100. During a second read operation, a comparator 924 
may receive a data signal at a first input coupled to the data net 
906. A second input of the comparator 924 may be coupled to 
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a second resistor arrangement 926. The second resistor 
arrangement 926 may include resistors R3, R4, R5, and R6. 
The output of the comparator 924 may comprise a low test 
path928 coupled to a V logic 930 configured to determine 
a low voltage value. The V logic 930 may be coupled to set 
impedance logic 940. The V logic 93.0 may be configured 
to instruct the set impedance logic 940 to pull down the 
impedance of the termination device 966. The impedance of 
the termination device 966 may be adjusted to train the 
memory controller 904 during the read operation. For 
instance, impedance of the termination device 96.6 may be 
adjusted when the data of the low test path928 falls outside of 
a predetermined range, ratio, set point, or other criteria when 
compared to corresponding data of the functional path922. 
0101. A comparator 960 may receive a data signal at a first 
input coupled to the data net 906. A second input of the 
comparator 960 may be coupled to the second resistor 
arrangement 926. The output of the comparator 960 may 
comprise a high test path976 coupled to a V, logic 962 
configured to determine a high voltage value. The V, logic 
962 may be coupled to set impedance logic 964. The V, 
logic 962 may be configured to instruct the set impedance 
logic 964 to pull up the impedance of the termination device 
942. The impedance of the termination device 96.6 may be 
adjusted to train the memory controller 904 during the read 
operation. For example, impedance of the termination device 
966 may be adjusted when the data of the high test path976 
falls outside of a predetermined range, ratio, set point, or 
other criteria when compared to corresponding data of the 
functional path922. 
0102) A third resistor arrangement that is coupled to the 
memory device 902 and that includes resistors R7, R8 may be 
configured to provide a reference Voltage to the memory 
device 902. A fourth resistor arrangement 944 that includes 
resistor R9 coupled to the memory controller 904 may affect 
impedances of the termination devices 942,966 and the driver 
952. A fifth resistor arrangement 990 that includes resistor 
R10 coupled to the memory device 902 may affect imped 
ances of termination devices 946,968 and the driver 910. 
(0103 FIG. 9 thus shows an embodiment of a system 900 
configured to train Voltage values between a memory control 
ler and a memory device using a combination of read opera 
tions. For instance, the impedances of the termination devices 
942, 966 may be set using a first read operation, and the 
reference voltage of the resistor arrangement 908 may be set 
using a second read operation. The system 900 may use both 
high and low Voltage test paths in each read and write opera 
tion. The system 900 may facilitate increased data accuracy, 
timing margins, and processing speed. 
0104 FIG. 10 shows a second embodiment of a system 
1000 configured to train a memory device 1002 and a memory 
controller 1004 using a combination of read operations. For 
example, during a first read operation, a Voltage at a first 
resistor arrangement 1090 may be set to calibrate a driver 
1010 of the memory device 1002 according to a memory 
controller offset. A reference Voltage (V) associated with a 
second resistor arrangement 1060 and the memory controller 
1004 may be set during a second read operation. 
0105. The memory device 1002 may be coupled to the 
memory controller 1004 via a data net 1006. Training may 
include adjusting one more operating parameters of the 
memory device 1002 and the memory controller 1004. For 
instance, the training may include setting the reference Volt 
age associated with the memory controller 1004. In another 
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example, an operating parameter may include the Voltage 
offset applied to the driver 1010 of the memory device 1002. 
0106 The data net 1006 may be coupled to a first input of 
a comparator 1018. The second resistor arrangement 1060 
may provide a reference Voltage to a second input of the 
comparator 1018. The output of the comparator 1018 may 
comprise a functional path 1022 associated with a functional 
device (not shown). During a first read operation, a compara 
tor 1024 may receive a data signal at a first input coupled to 
the data net 1006. A second input of the comparator 1024 may 
be coupled to a low Voltage portion of a third resistor arrange 
ment 1008. The output of the comparator 1024 may comprise 
a low test path 1080 coupled to a V logic 1030 configured 
to determine a low voltage value. The V logic 1030 may be 
coupled to a D/A current device 1096. The V logic 1030 
may be configured to instruct the D/A current device 1096 to 
selectively increment or decrement a current value at the first 
resistor arrangement 1090 during the read operation. For 
example, the current may be adjusted according to an offset 
associated with the memory controller 1004. The offset may 
be determined when the data of the low test path 1080 falls 
outside of a predetermined range, ratio, set point, or other 
criteria when compared to corresponding data of the func 
tional path 1022. The third resistor arrangement 1008 may 
include multiple resistors R1, R2, and R3. When the adjusted 
current is applied at the first resistor arrangement 1090, the 
driver 1010 may be calibrated. The voltage on the data net 
1006 may be set via the driver 1010 according to the current 
applied to the first resistor arrangement 1090. 
0107. During a second read operation, a comparator 1012 
may receive a data signal at a first input coupled to the data net 
1006. A second input of the comparator 1012 may be coupled 
to a low Voltage portion of the second resistor arrangement 
1060. The second resistor arrangement 1060 may include 
multiple resistors R4, R5.The output of the comparator 1012 
may comprise a low test path 1020 coupled to a V logic 
1072 configured to determine a low voltage value. The V 
logic 1072 may be coupled to a D/A voltage device 1016. The 
V logic 1072 may be configured to instruct the D/A voltage 
device 1016 to selectively increment or decrement the low 
Voltage value at the second resistor arrangement 1060 during 
a read operation. For instance, the low Voltage value may be 
adjusted when the data of the low test path 1020 falls outside 
of a predetermined range, ratio, set point, or other criteria 
when compared to corresponding data of the functional path 
1022. 

0108. As shown in FIG. 10, the memory controller 1004 
may be coupled to a fourth resistor arrangement 1044 that 
includes a resistor R6. A Voltage at the fourth resistor arrange 
ment 1044 may affect impedances at a termination device 
1042 and the driver 1052. The memory device 1002 may 
include a termination device 1046. The termination devices 
1042, 1046 may each be associated with a load impedance to 
match line impedance and reduce signal reflection along the 
data net 1006. The memory device 1002 may be coupled to a 
fifth resistor arrangement 1048 that includes multiple resis 
tors R9, R10. The fifth resistor arrangement 1048 may be 
configured to provide a reference Voltage to the memory 
device 1002. 
0109 The system 1000 may train voltage values between 
the memory controller 1004 and the memory device 1002 
using a combination of a first read and a second read opera 
tion. For example, the voltage value affecting the driver 1010 
of the memory device 1002 may be set according to a memory 
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controller offset. The reference voltage associated with the 
memory controller 1004 may be set using a second read 
operation. The system 1000 may use low voltage test paths in 
each read and write operation. 
0110 FIG. 11 shows a third embodiment of a system 1100 
configured to train a memory device 1102 and a memory 
controller 1104 using a combination of read operations. For 
instance, during a first read operation, a Voltage at a first 
resistor arrangement 1190 may be set to calibrate a driver 
1110 of the memory device 1102 according to a memory 
controller offset. An impedance of a termination device 1142 
of the memory controller 1104 may be set during a second 
read operation. The system 1100 may comprise a communi 
cations bus. 
0111. The memory device 1102 may be coupled to the 
memory controller 1104 via a data net 1106. Training may 
include adjusting one more operating parameters of the 
memory device 1102 and the memory controller 1104. For 
example, the training may include setting the impedance of 
the termination device 1142 of the memory controller 1104. 
In another example, an operating parameter may include the 
voltage offset applied to the driver 1110 of the memory device 
1102 via the first resistor arrangement 1190. 
0112 The data net 1106 may be coupled to a first input of 
a comparator 1118. A second resistor arrangement 1160 may 
provide a reference Voltage to a second input of the compara 
tor 1118. The output of the comparator 1118 may comprise a 
functional path 1122 associated with a functional device (not 
shown). During a first read operation, a comparator 1112 may 
receive a data signal at a first input coupled to the data net 
1106. A second input of the comparator 1112 may be coupled 
to a low Voltage portion of the second resistor arrangement 
1160. 

0113. The output of the comparator 1112 may comprise a 
low test path 1120 coupled to a V logic 1172 configured to 
determine a low voltage value. The V logic 1172 may be 
coupled to a D/A current device 1116. The V logic 1172 
may be configured to instruct the D/A current device 1116 to 
selectively increment or decrement a current value at the first 
resistor arrangement 1190 during the read operation. For 
instance, the current may be adjusted according to an offset 
associated with the memory controller 1104. The offset may 
be determined when the data of the low test path 1120 falls 
outside of a predetermined range, ratio, set point, or other 
criteria when compared to corresponding data of the func 
tional path 1122. The second resistor arrangement 1160 may 
include multiple resistors R4, R5, and R6. When the current is 
applied at the first resistor arrangement 1190, the driver 1110 
may be calibrated. The voltage on the data net 1106 may be 
set via the driver 1110 according to the current applied to the 
first resistor arrangement 1190. 
0114. During a second read operation, a comparator 1124 
may receive a data signal at a first input coupled to the data net 
1106. A second input of the comparator 1112 may be coupled 
to a low voltage portion of a third resistor arrangement 1108. 
The third resistor arrangement 1108 may include multiple 
resistors R1, R2, and R3. The output of the comparator 11024 
may comprise a low test path 1180 coupled to a V logic 
1130 configured to determine a low voltage value. The V 
logic 1130 may be coupled to a set impedance device 1186. 
The V logic 1130 may be configured to instruct the set 
impedance device 1186 to selectively pull up or pull down the 
impedance at the termination device 1142 during a read 
operation. For example, the impedance may be adjusted when 
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the data of the low test path 1180 falls outside of a predeter 
mined range, ratio, set point, or other criteria when compared 
to corresponding data of the functional path 1122. 
0115. As shown in FIG. 11, the memory controller 1104 
may be coupled to a fourth resistor arrangement 1144 that 
includes a resistor R7. A voltage at the fourth resistor arrange 
ment 1144 may affect impedances of the termination device 
1142 and the driver 1152. The memory device 1102 may 
include a termination device 1146. The termination devices 
1142, 1146 may each be associated with a load impedance to 
match line impedance and reduce signal reflection along the 
data net 1106. The memory device 1102 may be coupled to a 
fifth resistor arrangement 1148 that includes multiple resis 
tors R8, R9. The fifth resistor arrangement 1148 may be 
configured to provide a reference Voltage to the memory 
device 1102. 
0116. The system 1100 may train voltage values between 
the memory controller 1104 and the memory device 1102 
using a combination of a first read and a second read opera 
tion. For instance, the impedance affecting the driver 1110 of 
the memory device 1102 may be set according to a memory 
controller offset. The impedance of the termination device 
1142 of the memory controller 1104 may be set using a 
second read operation. The system 1100 may use low voltage 
test paths in each read and write operation to increase proving 
speed and timing margins. 
0117 FIG. 12 shows a first embodiment of a system 1200 
configured to train a memory device 1202 and a memory 
controller 1204 using a combination of multiple write opera 
tions. For instance, the impedance of a driver 1252 of the 
memory controller 1204 may be set using a first write opera 
tion, and a reference Voltage associated with the memory 
device 1202 may be set using a second write operation. 
0118. The memory device 1202 may be coupled to the 
memory controller 1204 via a data net 1206. Training may 
include adjusting one more operating parameters of the 
memory device 1202 and the memory controller 1204. For 
example, the training may include setting the reference Volt 
age associated with the memory device 1202. In another 
example, an operating parameter may include an impedance 
of the driver 1252. The impedance may be set and adjusted to 
train the memory controller 1204 during the second write 
operation. 
0119) During a first write operation, a comparator 1212 
may receive a data signal at a first input coupled to the data net 
1206. A second input of the comparator 1212 may be coupled 
to a low Voltage portion of a first resistor arrangement 1248. 
The first resistor arrangement 1248 may include resistors R5 
and R6 and may provide a reference Voltage to the memory 
device 1202. The output of the comparator 1212 may com 
prise a low test path 1220 coupled to a V logic 1272 
configured to determine a low Voltage value. The V logic 
1272 may be coupled to a D/A voltage device 1216. The V 
logic 1272 may be configured to instruct the D/A voltage 
device 1216 to selectively increment or decrement the low 
Voltage value at the first resistor arrangement 1248 during a 
write operation. For instance, the low Voltage value may be 
adjusted when the data of the low test path 1220 falls outside 
of a predetermined range, ratio, set point, or other criteria 
when compared to corresponding data of a functional path 
1222. 
0120 A comparator 1254 may receive a data signal at a 

first input coupled to the data net 1206. A second input of the 
comparator 1254 may be coupled to a high Voltage portion of 
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the second resistor arrangement 1248. The output of the com 
parator 1254 may comprise a high test path 1274 coupled to a 
V, logic 1256 configured to determine a high voltage 
value. The V, logic 1256 may be coupled to a D/A voltage 
device 1258. The V, logic 1256 may be configured to 
instruct the D/A voltage device 1258 to selectively increment 
or decrement the high voltage value at the first resistor 
arrangement 1248 during a write operation. For example, the 
high Voltage value may be adjusted when the data of the high 
test path 1274 falls outside of a predetermined range, ratio, set 
point, or other criteria when compared to corresponding data 
of the functional path 1222. 
I0121. During a second write operation, a comparator 1224 
may receive a data signal at a first input coupled to the data net 
1206. A second input of the comparator 1224 may be coupled 
to a second resistor arrangement 1226. The second resistor 
arrangement 1226 may include resistors R3, R4, R5, and R6. 
The output of the comparator 1224 may comprise a low test 
path 1228 coupled to a V logic 1230 configured to deter 
mine a low voltage value. The V logic 1230 may be 
coupled to set impedance logic 1240. The V logic 1230 
may be configured to instruct the set impedance logic 1240 to 
pull down the impedance of the driver 1252. The impedance 
of the driver 1252 may be adjusted to train the memory 
controller 1204 during the write operation. For instance, 
impedance of the driver 1252 may be adjusted when the data 
of the low test path 1228 falls outside of a predetermined 
range, ratio, set point, or other criteria when compared to 
corresponding data of the functional path 1222. 
I0122. A comparator 1260 may receive a data signal at a 
first input coupled to the data net 1206. A second input of the 
comparator 1260 may be coupled to the second resistor 
arrangement 1226. The output of the comparator 1260 may 
comprise a high test path 1276 coupled to a V, logic 1262 
configured to determine a high voltage value. The V, logic 
1262 may be coupled to set impedance logic 1264. The V, 
logic 1262 may be configured to instruct the set impedance 
logic 1264 to pull up the impedance of the driver 1252. The 
impedance of the driver 1252 may be adjusted to train the 
memory controller 1204 during the write operation. For 
example, impedance of the driver 1252 may be adjusted when 
the data of the high test path 1276 falls outside of a predeter 
mined range, ratio, set point, or other criteria when compared 
to corresponding data of the functional path 1222. 
I0123. As shown in FIG. 12, the memory controller 1204 
may include a termination device 1242 and a termination 
device 1266. The memory device 1202 may include a termi 
nation device 1246 and a termination device 1268. The ter 
mination devices 1242, 1246, 1266, and 1268 may each be 
associated with a load impedance to match line impedance 
and reduce signal reflection along the data net 1206. The 
memory device 1202 may be coupled to a third resistor 
arrangement 1290. A voltage at the third resistor arrangement 
1290 may affect impedances of the termination devices 1242, 
1266 and the driver 1252. The memory controller 1204 may 
be coupled to a fourth resistor arrangement 1244. A Voltage at 
the fourth resistor arrangement 1244 may affect impedances 
of the termination devices 1246, 1268 and the driver 1210. 
0.124 FIG. 12 thus shows an embodiment of a system 
1200 configured to train voltage values between the memory 
controller 1204 and the memory device 1202 using a combi 
nation of write operations. For instance, the impedance of the 
driver 1252 may be set using a first write operation, and the 
reference voltage of the first resistor arrangement 1248 may 
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be set using a second write operation. The system 1200 may 
use both high and low Voltage test paths in each write opera 
tion. The system 1200 may facilitate increased data accuracy, 
timing margins, and processing speed. 
0.125 FIG. 13 shows a second embodiment of a system 
1300 configured to train a memory device 1302 and a memory 
controller 1304 using a combination of write operations. For 
example, during a first write operation, a Voltage at a first 
resistor arrangement 1390 may be set to calibrate a termina 
tion device 1346 of the memory device 1302 according to a 
memory controller offset. A reference voltage (V) associ 
ated with the memory device 1302 and a second resistor 
arrangement 1348 may be set during a second write opera 
tion. 
0126 The memory device 1302 may be coupled to the 
memory controller 1304 via a data net 1306. Training may 
include adjusting one more operating parameters of the 
memory device 1302. For instance, the training may include 
setting the reference Voltage associated with the memory 
device 1302. In another example, an operating parameter may 
include the current offset for calibration of the termination 
device 1346. 

0127. The data net 1306 may be coupled to a first input of 
a comparator 1318. A third resistor arrangement 1308 may 
provide a reference Voltage to a second input of the compara 
tor 1318. The output of the comparator 1318 may comprise a 
functional path 1322 associated with a functional device (not 
shown). During a first write operation, a comparator 1324 
may receive a data signalata first input coupled to the data net 
1306. A second input of the comparator 1324 may be coupled 
to a low Voltage portion of the third resistor arrangement 
1308. The third resistor arrangement 1308 may include mul 
tiple resistors R1, R2, and R3. The output of the comparator 
1324 may comprise a low test path 1380 coupled to a V 
logic 1330 configured to determine a low voltage value. The 
V logic 1330 may be coupled to a D/A current device 1396. 
The V logic 1330 may be configured to instruct a D/A 
current device 1396 to selectively increment or decrement a 
current value at the first resistor arrangement 1390 during the 
write operation. For example, the current may be adjusted 
according to an offset associated with the memory controller 
1304. The offset may be determined when the data of the low 
test path 1380 falls outside of a predetermined range, ratio, set 
point, or other criteria when compared to corresponding data 
of the functional path 1322. When the adjusted current may be 
applied at the second resistor arrangement 1390, the termi 
nation device 1346 may be calibrated. The voltage on the data 
net 1306 may be set via the termination device 1346 accord 
ing to the current applied to the third resistor arrangement 
13O8. 

0128. During a second write operation, a comparator 1312 
may receive a data signal at a first input coupled to the data net 
1306. A second input of the comparator 1312 may be coupled 
to a low Voltage portion of the second resistor arrangement 
1348. The second resistor arrangement 1348 may include 
multiple resistors R5, R6 and may provide the reference volt 
age to the memory device 1302. The output of the comparator 
1312 may comprise a low test path 1320 coupled to a V 
logic 1372 configured to determine a low voltage value. The 
V logic 1372 may be coupled to a D/A voltage device 1316. 
The V logic 1372 may be configured to instruct the D/A 
voltage device 1316 to selectively increment or decrement the 
low voltage value at the second resistor arrangement 1358 
during a write operation. For instance, the low Voltage value 

Dec. 15, 2011 

may be adjusted when the data of the low test path 1320 falls 
outside of a predetermined range, ratio, set point, or other 
criteria when compared to corresponding data of the func 
tional path 1322. 
I0129. As shown in FIG. 13, the memory controller 1304 
may be coupled to a fourth resistor arrangement 1344 that 
includes a resistor R4. A Voltage at the fourth resistor arrange 
ment 1344 may affect impedances of a termination device 
1342 and the driver 1352. The memory device 1302 may 
include the termination device 1346. The termination devices 
1342, 1346 may each be associated with a load impedance to 
match line impedance and reduce signal reflection along the 
data net 1306. 
0.130. The system 1300 may train voltage values between 
the memory controller 1304 and the memory device 1302 
using a combination of write operations. For example, the 
current offset affecting the calibration of the termination 
device 1346 may be set according to a memory controller 
offset using a first write operation. The reference voltage 
associated with the memory device 1302 may be set using a 
second write operation. The system 1300 may use low voltage 
test paths in each write operation. 
I0131 FIG. 14 shows a third embodiment of a system 1400 
configured to train a memory device 1402 and a memory 
controller 1404 using a combination of write operations. For 
instance, during a first write operation, a Voltage at a first 
resistor arrangement 1490 may be set to calibrate a termina 
tion device 1146 of the memory device 1402 with an offset 
from the memory controller 1404. An impedance of a driver 
1452 of the memory controller 1404 may be set using a 
second write operation. 
0.132. The memory device 1402 may be coupled to the 
memory controller 1404 via a data net 1406. Training may 
include adjusting one more operating parameters of at least 
one of the memory device 10402 and the memory controller 
1404. For example, the training may include setting an 
impedance at the driver 1452. In another example, an operat 
ing parameter may include a Voltage at the memory device 
1402 and associated with an offset of the termination device 
1446. 

I0133. The data net 1406 may couple the driver 1410 of the 
memory device 1402 to an input port of a comparator 1424 of 
the memory controller 1404. A second input of the compara 
tor 1424 may be coupled to a second resistor arrangement 
1408. The second resistor arrangement 1408 may include 
multiple resistors R1, R2, and R3. The second resistor 
arrangement 1408 may provide a low voltage value to the 
second input of the comparator 1424. The output of the com 
parator 1424 may comprise a low test path 1480 coupled to a 
V logic 1430 configured to determine a low Voltage value. 
The V logic 1430 may be coupled to set impedance logic 
1478. The set impedance logic 1478 may be configured to 
affect the impedance at the driver 1452. 
I0134. The data net 1406 may additionally be coupled to a 
first input of a comparator 1418. The second resistor arrange 
ment 1408 may provide a reference voltage to a second input 
of the comparator 1418. The output of the comparator 1418 
may comprise a functional path 1422 associated with a func 
tional device (not shown). During a write operation, the data 
of the functional path 1422 may be compared to the data of the 
low test path 1480. Results of the comparison may be used to 
adjust or otherwise set the impedance at the driver 1452. For 
instance, the correctness of the low test path data may be 
determined based on data of the functional path 1422. A 
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percentage of the instances when correct data (or incorrect 
data) is read may be determined by comparing the test data 
with the functional data. A predetermined range, ratio, set 
point, or other criteria may be specified, as described herein. 
0135. During a write operation, a comparator 1412 may 
receive a data signal at a first input coupled to the data net 
1406. A second input of the comparator 1412 may be coupled 
to a low Voltage portion of the second resistor arrangement 
1408. The output of the comparator 1412 may comprise a low 
test path 1420 coupled to a V logic 1472 configured to 
determine a low voltage value. The V logic 1472 may be 
coupled to a D/A current device 1416. The V, logic 1472 
may be configured to instruct the D/A current device 1416 to 
selectively increment or decrement a current value at the first 
resistor arrangement 1490 during a write operation. For 
example, the current may be adjusted according to an offset 
associated with the memory controller 1404. The offset may 
be determined when the data of the low test path 1420 falls 
outside of a predetermined range, ratio, set point, or other 
criteria when compared to corresponding data of the func 
tional path 1422. The first resistor arrangement 1490 may 
include multiple resistors R7, R8. When the current is applied 
at the first resistor arrangement 1490, the termination device 
1446 may be calibrated. The voltage on the data net 1406 may 
be set via the termination device 1446 according to the current 
applied to the first resistor arrangement 1490. 
0136. As shown in FIG. 14, the memory controller 1404 
may be coupled to a third resistor arrangement 1444 that 
includes a resistor R4. A voltage at the third resistor arrange 
ment 1444 may affect impedances of a termination device 
1442 and the driver 1452. The memory device 1402 may be 
coupled to a fourth resistor arrangement 1448 that includes 
resistors R5, R6. The fourth resistor arrangement 1448 may 
be configured to provide a reference Voltage to the memory 
device 1402. The memory device 1402 may further include a 
termination device 1446. The termination devices 1442,1446 
may each be associated with a load impedance to match line 
impedance and reduce signal reflection along the data net 
1406. 
0.137 The system 1400 may train voltage values between 
the memory controller 1404 and the memory device 1402 
using a combination of write operations. For instance, the 
voltage value affecting the termination device 1446 of the 
memory device 1402 may be set according to a memory 
controller offset. The impedance of the driver 1452 of the 
memory controller 1404 may be set using a write operation. 
The system 1400 may use low voltage test paths in each write 
operation. 
0138 FIG. 15 shows an embodiment of a method 1500 of 
calibrating a memory device and a memory controller using a 
combination of a read operation and a write operation. The 
method may be executed by a memory bus, such as that shown 
in each of FIGS. 1-8. A result of one or more of the read and 
write operations may result in updating or otherwise setting 
an operating parameter, Such as an impedance value or Volt 
age value associated with at least one of the memory device 
and the memory controller. 
0.139. At 1502, a first calibration operation associated with 
a write operation may be initiated. For example, the driver 
152 of the memory controller 104 of FIG.1 may write a zero 
to the memory device 102. Test data at the memory controller 
104 may be evaluated during the calibration operation. For 
instance, data of the test path 128 may be compared to the data 
of the functional path 122. 
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0140 Based upon the comparison, the system may deter 
mine ifa first operating parameter may be adjusted, 1504. For 
example, the correctness of the test path data may be deter 
mined based on data of the functional path 122. A percentage 
of the instances when correct data (or incorrect data) is read in 
the test data path 128 may be determined by comparing the 
test data with the functional data. For instance, the data of the 
functional path 122 may be used to determine ifa one or a zero 
of the test path 128 correctly corresponds to a one or Zero of 
the functional path. At a point when the incorrect data of the 
test path 128 Switches (i.e., from a Zero to a one, or from a one 
to a Zero), the Voltage value may be set correctly. A predeter 
mined range, ratio, set point, or other criteria may be speci 
fied. 
0141 When an adjustment is indicated, the first operating 
parameter may be set, at 1506. Setting the first operating 
parameter may include setting an impedance value of a driver 
of the memory controller. Setting the first operating param 
eter may alternatively include setting a reference Voltage 
associated with the memory device. For example, the refer 
ence Voltage may be communicated using a resistor arrange 
ment coupled to the memory device. Setting the first operat 
ing parameter may further include setting an impedance of a 
termination device of the memory device. The impedance 
may be set according to a determined Voltage offset that is 
associated with the memory controller. The voltage value 
may be applied to a resistor arrangement coupled to the 
memory device. 
0142. At 1508, a calibration operation associated with a 
read operation may be initiated. For instance, the memory 
controller 104 of FIG.1 may read a zero placed on the data net 
106 by the driver 110 of the memory device 102. Test data at 
the memory controller 104 may be evaluated during the cali 
bration operation. For example, data of the test path 120 may 
be compared to the data of the functional path 122. 
0.143 Based upon the comparison, the system may deter 
mine if a second operating parameter may be adjusted, at 
1510. For instance, the correctness of the test path data may 
be determined based on data of the functional path 122 and a 
predetermined range, ratio, set point, or other criteria. 
0144. When an adjustment is indicated, the second oper 
ating parameter may be set, at 1512. For example, setting the 
second operating parameter may include setting a reference 
voltage associated with the memory controller. The reference 
Voltage may be communicated using a resistor arrangement 
coupled to the memory controller. Setting the second operat 
ing parameter may alternatively include setting an impedance 
value of a termination device of the memory controller. Set 
ting the second operating parameter may also include setting 
a voltage value affecting a driver of the memory device. The 
Voltage value may be set according to a determined Voltage 
offset that is associated with the memory controller. The 
Voltage value may be applied to a resistor arrangement 
coupled to the memory device. 
(0145 FIG. 16 shows an embodiment of a method 1600 of 
calibrating a memory device and a memory controller using a 
combination of read operations. The method may be executed 
by a memory bus, such as that shown in each of FIGS. 9-11. 
A result of one or more of the read operations may result in 
updating or otherwise setting an operating parameter, such as 
an impedance value or Voltage value associated with one or 
more of the memory device and the memory controller. 
0146. At 1602, a calibration operation associated with a 

first read operation may be initiated. For example, the 
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memory controller 1004 of FIG. 10 may read a zero from the 
driver 1010 of the memory device 102. Test data at the 
memory controller 1004 may be evaluated during the calibra 
tion operation. For instance, data of the test path 1080 may be 
compared to the data of the functional path 1022. 
0147 Based on the comparison, the system may deter 
mine ifa first operating parameter may be adjusted, 1604. For 
example, the correctness of the test path data may be deter 
mined based on data of the functional path 1022. A percent 
age of the instances when correct data (or incorrect data) is 
read in the test data path 1080 may be determined by com 
paring the test data with the functional databased on a pre 
determined range, ratio, set point, or other criteria. 
0148 When an adjustment is indicated, the first operating 
parameter may be set, at 1606. For example, setting the oper 
ating parameter may include setting an impedance value of a 
termination device of the memory controller. Setting the 
operating parameter may alternatively include setting a Volt 
age value affecting a driver of the memory device. The volt 
age value may be set according to a determined Voltage offset 
that is associated with the memory controller. The voltage 
value may be applied to a resistor arrangement coupled to the 
memory device. 
0149. At 1608, a calibration operation associated with a 
second read operation may be initiated. For instance, the 
memory controller 1004 of FIG. 10 may read a zero placed on 
the data net 106 by the driver 1010 of the memory device 
1002. Test data at the memory controller 1004 may be evalu 
ated during the calibration operation. For example, data of the 
test path 1020 may be compared to the data of the functional 
path 1022. 
0150. Based on the comparison, the system may deter 
mine if a second operating parameter may be adjusted, at 
1610. For instance, the correctness of the test path data may 
be determined based on data of the functional path 1022 and 
a predetermined range, ratio, set point, or other criteria. 
0151. When an adjustment is indicated, the second oper 
ating parameter may be set, at 1612. For example, setting the 
second operating parameter may include setting a reference 
Voltage associated with the memory controller. For instance, 
the reference Voltage may be communicated using a resistor 
arrangement coupled to the memory controller. Setting the 
operating parameter may alternatively include setting an 
impedance value of a termination device of the memory con 
troller. 

0152 FIG. 17 shows an embodiment of a method 1700 of 
calibrating a memory device and a memory controller using a 
combination of write operations. The method may be 
executed by a memory bus, such as that shown in each of 
FIGS. 12-14. A result of one or more of the write operations 
may result in updating or otherwise setting an operating 
parameter, Such as an impedance value or Voltage value asso 
ciated with one or more of the memory device and the 
memory controller. 
0153. At 1702, a calibration operation associated with a 
write operation may be initiated. For example, the driver 1252 
of the memory controller 1204 of FIG. 12 may write a zero to 
the memory device 102. Test data at the memory controller 
1204 may be evaluated during the calibration operation. For 
instance, data of the test path 1228 may be compared to the 
data of the functional path 1222. 
0154 Based upon the comparison, the system may deter 
mine if a first operating parameter may be adjusted, at 1704. 
For example, the correctness of the test path data may be 

Dec. 15, 2011 

determined based on data of the functional path 1222. A 
percentage of the instances when correct data (or incorrect 
data) is read in the test data path 1228 may be determined by 
comparing the test data with the functional databased on a 
predetermined range, ratio, set point, or other criteria. 
0.155. When an adjustment is indicated, the first operating 
parameter may be set, at 1706. For example, setting the oper 
ating parameter may include setting a reference Voltage asso 
ciated with the memory device. The reference voltage may be 
communicated using a resistor arrangement coupled to the 
memory device. Setting the operating parameter may also 
include setting an impedance of a termination device of the 
memory device. The impedance may be set according to a 
determined voltage offset that is associated with the memory 
controller. A Voltage value may be applied to a resistor 
arrangement coupled to the memory device. 
0156. At 1708, a calibration operation associated with a 
second write operation may be initiated. For instance, the 
memory controller 1204 of FIG. 12 may write a one onto the 
data net 1206 to memory device 1002. Test data at the 
memory controller 1204 may be evaluated during the calibra 
tion operation. For example, data of the test path 1220 may be 
compared to the data of the functional path 1222. 
0157 Based upon the comparison, the system may deter 
mine if a second operating parameter may be adjusted, at 
1710. For instance, the correctness of the test path data may 
be determined based on data of the functional path 1222 and 
a predetermined range, ratio, set point, or other criteria. 
0158 When an adjustment is indicated, the second oper 
ating parameter may be set, at 1712. For example, setting the 
second operating parameter may include setting an imped 
ance value of a driver of the memory controller. Setting the 
operating parameter may alternatively include setting a ref 
erence Voltage associated with the memory device. For 
instance, the reference Voltage may be communicated using a 
resistor arrangement coupled to the memory device. 
0159 FIGS. 15-17 thus show embodiments of methods 
1500, 1600, and 1700 of training a memory controller and a 
memory device using different combinations of read and/or 
write operations. The automatic adjustment of operating 
parameters may reduce impedance mismatches and yield 
improvements in timing margins. Data may be read and com 
pared to known data at startup and during real time. System 
operation may remain uninterrupted while the operating 
parameters are selectively updated. The updates may increase 
system speed and accuracy. 
(0160 Particular embodiments can take the form of an 
entirely hardware embodiment, an entirely software embodi 
ment, or an embodiment containing both hardware and soft 
ware elements. Further, embodiments may take the form of a 
computer program product accessible from a computer-us 
able or computer-readable medium providing program code 
for use by or in connection with a computer or any instruction 
execution system. For the purposes of this description, a 
computer-usable or computer readable medium can be any 
apparatus that can contain, store, or communicate the pro 
gram for use by or in connection with the instruction execu 
tion system, apparatus, or device. 
0.161 The medium can be an electronic, magnetic, optical, 
electromagnetic, infrared, or semiconductor system (or appa 
ratus or device). Examples of a computer-readable medium 
include a semiconductor or Solid state memory, magnetic 
tape, a removable computer diskette, a random access 
memory (RAM), a read-only memory (ROM), a rigid mag 
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netic disk, and an optical disk. Examples of optical disks 
include compact disc—read only memory (CD-ROM), com 
pact disc—read/write (CD-R/W) and DVD. A data process 
ing system suitable for storing and/or executing program code 
will include at least one processor coupled directly or indi 
rectly to memory elements through a system bus. The 
memory elements can include local memory employed dur 
ing actual execution of the program code, bulk storage, and 
cache memories that provide temporary storage of at least 
Some program code in order to reduce the number of times 
code must be retrieved from bulk storage during execution. 
0162. While the present invention has been illustrated by a 
description of various embodiments and while these embodi 
ments have been described in considerable detail, it is not the 
intention of the Applicants to restrict, or any way limit the 
Scope of the appended claims to such detail. For example, 
while numerous different combinations of operations are 
described herein, others are contemplated by the underlying 
principles of the invention. For instance, another write/read 
combination may set a reference Voltage of a memory con 
troller during a read operation (as shown in the read portion of 
FIG. 1) and may calibrate a termination device of a memory 
device during a write operation (as shown in the write portion 
of FIG. 6). As such, contemplated combinations are not lim 
ited to those shown in the exemplary embodiments. 
0163. In another example, calibration may be repeated as 
conditions change for maintenance of desired settings and 
performance. Unique settings may be saved for different con 
ditions. As an example, a temperature change greater than a 
predetermined amount (e.g., twenty degrees Celsius) from 
the original or last calibration could initiate a calibration. 
Alternatively, the condition may initiate the retrieval of a 
previously stored set of calibration values associated with the 
new temperature. Other illustrative conditions may include 
the activation or deactivation of system components (e.g., 
another bus, an interface, or controller) that may impact the 
interface. 
0164. Further, while some embodiments of the invention 
are described specifically for a GDDR3 interface from a 
memory controller to a GDDR3 memory device, the system 
and method described may be applied to any number of 
system and Sub-system electrical communication buses and 
generic interfaces. The invention in its broader aspects is 
therefore not limited to the specific details, representative 
apparatus, methods, and illustrative examples shown and 
described. Accordingly, departures may be made from Such 
details without departing from the scope of Applicants gen 
eral inventive concept. 

1. A method of setting an operating parameter associated 
with a communication bus that includes a memory controller 
coupled to a memory device, the method comprising: 

performing a first calibration operation associated with 
first data written from a memory controller to a memory 
device; 

performing a second calibration operation associated with 
second data read at the memory controller from the 
memory device; and 

setting an operating parameter based on a result of at least 
one of the first and the second calibration operations at 
one of the memory device and the memory controller. 

2. The method of claim 1, wherein setting the operating 
parameter further includes setting a reference Voltage associ 
ated with the memory controller during at least one of the first 
and second calibration operations. 
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3. The method of claim 1, wherein setting the operating 
parameter further includes setting an impedance of a termi 
nation device associated with the memory controller during at 
least one of the first and second calibration operations. 

4. The method of claim 1, wherein setting the operating 
parameter further includes setting a Voltage value affecting a 
driver of the memory device during at least one of the first and 
second calibration operations. 

5. The method of claim 1, wherein setting the operating 
parameter further includes setting an impedance value of a 
driver of the memory controller during at least one of the first 
and second calibration operations. 

6. The method of claim 1, wherein setting the operating 
parameter further includes setting a reference Voltage associ 
ated with the memory device during at least one of the first 
and second calibration operations. 

7. The method of claim 1, wherein setting the operating 
parameter further includes setting an impedance of a termi 
nation device of the memory device during at least one of the 
first and second calibration operations. 

8. The method of claim 1, wherein at least one of the first 
and the second calibration operations includes comparing 
functional data to test data at the memory controller. 

9. The method of claim 1, further comprising performing at 
least one of the first and the second calibration operations 
during system startup. 

10. The method of claim 1, further comprising performing 
at least one of the first and the second calibration operations 
using functional data during system operation. 

11. A method of setting an operating parameter associated 
with a communication bus that includes a memory controller 
coupled to a memory device, the method comprising: 

performing a first calibration operation associated with 
first data read at a memory controller from a memory 
device; 

performing a second calibration operation associated with 
second data read at the memory controller from the 
memory device; and 

setting the operating parameter based on a result of at least 
one of the first and the second calibration operations at 
one of the memory device and the memory controller. 

12. The method of claim 11, wherein setting the operating 
parameter further includes setting an impedance value of a 
termination device of the memory controller during the first 
calibration operation. 

13. The method of claim 11, wherein setting the operating 
parameter further includes setting a Voltage value affecting a 
driver of the memory device during the first calibration opera 
tion. 

14. The method of claim 11, wherein setting the operating 
parameter further includes setting a reference Voltage associ 
ated with the memory controller during the second calibration 
operation. 

15. The method of claim 11, wherein setting the operating 
parameter further includes setting an impedance value of a 
termination device of the memory controller during the sec 
ond calibration operation. 

16. A method of setting an operating parameter associated 
with a communication bus that includes a memory controller 
coupled to a memory device, the method comprising: 

performing a first calibration operation associated with 
first data written from a memory controller to a memory 
device; 
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performing a second calibration operation associated with 
second data written from the memory controller to the 
memory device; and 

setting the operating parameter based on a result of at least 
one of the first and the second calibration operations at 
one of the memory device and the memory controller. 

17. The method of claim 16, wherein setting the operating 
parameter further includes setting a reference Voltage associ 
ated with the memory device during the first calibration 
operation. 

18. The method of claim 16, wherein setting the operating 
parameter further includes setting an impedance of a termi 
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nation device of the memory device during the first calibra 
tion operation. 

19. The method of claim 16, wherein setting the operating 
parameter further includes setting an impedance value of a 
driver of the memory controller during the second calibration 
operation. 

20. The method of claim 16, wherein setting the operating 
parameter further includes setting a reference Voltage associ 
ated with the memory device during the second calibration 
operation. 


